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Electrical contacts are considered from the point of view of tribological 
behaviour, and their classification is presented. The main problems in 
friction, wear and lubrication in connection with the field of application 
are examined. Contact resistance of electrical contacts is evaluated as a 
function of surface topography, load and mechanical properties of 
materials. The interrelation of electrical performances with friction and 
wear is discussed taking into account material properties and lubricant 


effects. 
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Introduction 


The entire range of electrical contact types can 
be classified on the basis of their kinematic and 
constructional-functional characteristics!. Such a classi- 
fication is shown in Fig 1, where the dashed line 
outlines those moving contact types whose performance 
is in one degree or another determined by different 
aspects of frictional interaction. However, even in 
many stationary contacts, particularly in clamped 
contacts, assurance of the maximum area of mechanical 
contact without the formation of non-conducting films, 
for example oxide films, during operation is of great 
importance. 


In connector-type contacts friction and wear processes 
play a more important role, since in the design we 
must take into account the contact separation force, 
determined by the friction force in the contacts, and 
the service life, which depends on the wear resistance. 
Considering that connector-type electrical contacts are 
used in most radio-electronic and electrotechnical 
devices and that their fabrication utilizes a large 
amount of non-ferrous and noble metals and alloys 
based on these metals, the urgency for tribotechnical 
evaluation of their performance is very great. The 
most difficult problem in connector-type contact design 
is the assurance of compatibility of the requirements 
for minimal wear and minimal stable contact electrical 
resistance. Since contact pressure has the strongest 
influence on both of these characteristics it is necessary 
to determine the optimal contact pressure’. 


Sliding electrical contact (SC) junctions are among the 
most widely used moving junctions, the operational 
effectiveness of which determines in large degree the 
functioning of machines and machine complexes. 
Suffice it to say that a large part of all electrical energy 
passes through SCs at least once in the process of its 
generation and usage. In spite of the great importance 
of SC in engineering, many problems of ensuring 
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SC reliability and operational effectiveness remain 
unresolved. The SC failure rate is still quite high in 
comparison with other contact types (Table 1)!. 


The main problems in most of the electrical contacts 
are tribological, namely: 


è Decrease in wear rate and increase in lifetime. 

è Increase in the real contact area as well as electrical, 
thermal, and magnetic conductivity. 

@ Prevention of surface oxidation and contamination. 

è Decrease in the friction coefficient. 


In recent years, a large number of studies have been 
devoted to the tribotechnical aspects of the operation 
of contacts of various types, including Refs 3-5. Many 
of these studies have been associated with the carbon- 
graphite contacts of electrical machines and also 
transport vehicle current pick-offs®’._ However, in 
spite of the considerable volume of studies conducted 
there is a large gap between engineering practice, 
widely utilizing empirically found methods for designing 
and optimizing the contact characterstics, and theory, 


Table 1 Failure rates of various contact types 


Type Failure rates 
(x 105), h`? 
Soldered connections 0.004 
Clamped connections 0.005 
Connector assemblies 0.175 
Various relays 0.4-0.70 
Selector switches 0.05-0.50 
Rheostats 1.1 
Various connectors 0.4-2.0 
Contactors 0.25 
Interrupters 0.5 
Electric motors and generators 0.3 
with slip-rings 
Electric motors and To 2.9 


generators with commutators 
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Fig 1 Classification of electric contacts 


relating the tribological and electromechanical charac- 
teristics of the contacts. We should note that many of 
the studies have been performed by specialists in the 
electrical engineering field, and these studies have 
examined primarily the processes and phenomena of 
an electrical nature. In this connection the urgency of 
examination of the tribological aspects of contact 
operation is increasing rather than decreasing. 


There are three main trends in the solution of the 
tribological problems in electrical contacts: 


è In design: changes in contact geometry and surface 
topography. 

è In materials: research and development of self- 
lubricated electroconductive composites. 

@ In lubrication: development of efficient electrocon- 
tact lubricants. 


Design aspects 


We shall consider, for example, the very important 
design problem of real contact area (RCA) formation 
and the calculation of its conductance. In the 1930s 
Holm proposed formulae for its calculation, in which 
the contact resistance was determined by the number 
of individual spots and their size®. However, experience 
has shown that with the exception of several simple 
cases they yield only a qualitative estimate of the 
conductance. It has been noted? that the contribution 
of the component depending on the sequence of the 
arrangement of the spots and their groups in the RCA 
may be dominant in the overall contact resistance. For 
the calculation of this component it is necessary to 
know the distances between the individual spots in the 
clusters (for example, on the contour areas), the 
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distances between these clusters, and also the numbers 
of spots and clusters. None of the existing RCA 
calculation methods makes it possible to account for 
the entire ensemble of such data. A possible promising 
way to solve this problem may be the use of the 
random field model for the calculation* '°. This method 
has been developed when using the SEM-computer 
system for quantitative evaluation of surface topogra- 
phy''. Data obtained in the three-dimensional presen- 
tation of topography have been used for calculating 
real area of contact and contact conductivity*. It has 
been shown that this conductivity, especially under 
relatively high nominal contact loads, strongly depends 
on the interaction of contact spots and their clusters. 


Using data on the relation of contact conductivity and 
topography it is possible to make recommendations 
for contact design. For example, one of the conclusions 
based on the above-mentioned studies* is the efficiency 
of using the regular macrorelief of contact surfaces to 
order the distribution of contact clusters over the 
whole area of contact. 


Materials 


Various methods are used to improve the reliability 
of sliding contact operation and to increase service 
life. A common feature of these methods is a tendency 
towards the creation of contact surfaces of materials 
with thin transition layers, which do not influence the 
passage of current through the contact but do reduce 
markedly the probability of scuffing, welding and 
intense mechanical wear. The best known and most 
highly developed method is the use of composite 
materials, containing solid conducting lubricants. This 
method, developed initially in carbon-graphite contact 
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materials for electrical machine brushes is also widely 
used at the present time in the construction of various 
types of sliding and interrupting contacts. 


The attention of the researchers has recently been 
drawn to electroconductive metal-graphite composites 
with high metal content, which is introduced into the 
material by impregnating its pores with a melt or by 
the sintering of metallized graphite particles. The 
overall metal content in the composites reaches 50% 
by weight or more. According to Westinghouse these 
materials make it possible to increase markedly the 
current density beneath the brushes”. There are 
data on positive results of testing sintered materials, 
impregnated with low-melting point alloys, in heavy- 
current transport current pick-offs!*. 


In spite of these advances the improvement of the 
structure of the electroconductive antifriction com- 
posites remains a very urgent task from the viewpoint 
both of improving their operational characteristics and 
the possible reduction of the content in them of non- 
ferrous metals, which are becoming more and more 
scarce. One way to improve the structure is the creation 
of composites with volume-regular elements, having 
equal strength and equal electroconductivity in practi- 
cally any section of the material as the result of creation 
of acontinuous metallic matrix and uniform distribution 
of solid-lubricant components in the volume* '°. The 
performance of composites of this type has beer 
investigated under several special conditions, specifi- 
cally under high-speed friction conditions (sliding speed 
up to 100 ms~', direct current density 150 A cm~?, 
load 0.5 MPa). 


There are recommendations on the use of solid 
conductive lubricants in weak-current SCs as well. 
Specifically, it is noted'* that the oxidation mechanism 
in weak-current SCs should be altered so as to limit 
the thickness of the arising boundary layers to the 
tunnel conductance limits. Most effective in this 
direction are the self-lubricating (metal-ceramic) 
materials, in which the lubricant film thickness can be 
regulated by varying its concentration, the lubricant 
type, and other factors. 


Contact lubricants 


The use of solid electroconductive lubricants or electro- 
conductive compounds is not the only possible way to 
improve the operational effectiveness of various contact 
types. In recent years the attention of specialists 
designing contacts of quite varied types - from 
heavy-current hinged current pick-offs to weak-current 
electronics SCs - has turned more and more to 
lubricants. Well known are the contact lubricants 
produced by the English firm Electrolub for the 
interrupting and weak-current SC of relays, and also 
the experimental Soviet potentiometer lubricants of 
the Elektrosil type. However, the field of application 
of the known lubricants js very limited. A positive 
effect of the use of lubricants is particularly noticeable 
for low-speed metallic contact pairs with relatively low 
current densities'>: 16; in this case a felicitous selection 
of the lubricating medium makes it possible to improve 
the wear resistance and reduce the friction coefficient 
with simultaneous stabilization and reduction of the 
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contact resistance. Experiments carried out with a 
microtribometer gold needle scanning the dry and 
lubricated surfaces of metals confimed this con- 
clusion!”. 


Some attempts have also been made when using 
lubricants in heavy-current SCs. Specifically, positive 
results were obtained with the use of filled greases 
in the knife-type SCs of automatic railway control 
equipment and low-speed trolley contacts of crane 
equipment’. These greases make it possible to improve 
the wear resistance and reliability of the contacts, and 
also to eliminate the anti-icing heating devices, which 
require a large amount of electrical energy. The non- 
linear electroconductance of the lubricants as a function 
of the thickness of the applied layer makes it possible 
to use them in closely positioned contact pairs without 
the risk of shorting, and the lubricants in the contact 
clearance of rough surfaces increase the RCA while 
markedly reducing the contact voltage drop. 


We should note that the problem of developing 
lubricants for SCs with relatively high velocities is still 
far from solution, since an increase of the sliding speed 
generally leads to a marked increase of the wear rate, 
erosion damage of the friction surfaces, and changes 
of the lubricant composition. In this case the magnitude 
of the contact voltage drop increases significantly and 
the Volt-Ampere characteristic (VAC) becomes non- 
linear’. 


The lubricant action factors can be divided into 
groups, according to their positive and negative aspects 
(Fig 2). Along with the positive factors, leading to 
reductions of the mechanical and electrical losses and 
improvement of the service life and operating reliability 
of the contact, negative factors are also possible — the 
necessity in several cases for complication of the design 
and prevention of irreversible changes in the lubricant 
composition and also prevention of the hydrodynamic 
friction regime, leading to sparking and electrical 
erosion of the contact. The existence of multi-factor 
action in a wide range of conditions leads to the 
possibility of the existence of an optimal combination 
of lubricant properties which ensures simultaneous 
satisfaction of the conflicting requirements of the 
frictional and electromechanical characteristics of the 
contacts. The search for such a combination can be 
made on the basis of an integrated study of the 
mechanism of boundary friction of the metals, changes 
of structure and composition of the surface layers of 
the rubbing bodies, and the influence of the lubricant 
on friction interaction and current flow in the contact. 
This in turn requires improvement of the techniques 
and equipment for studies of the frictional and 
electromechanical characteristics of the lubricated con- 
tact. Specifically, promising in this regard is the use 
of microtribometry and scanning of the lubricated 
contact by conductive indenters”. 


Conclusions 


Summarizing the survey of the studies performed 
relating to the tribological aspects of the use of 
electrical contacts, we can note the following: 


è There is a significant gap between the theory of 
external friction and the engineering methods for 
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Fig 2 Factors effecting lubrication of electric contacts 


ensuring wear resistance and reliability of electrical 
contacts. Specifically, the studies of the frictional 
transfer processes in dry and lubricated electrical 
contacts and the establishment of the interconnection 
between the properties of the transition layers and 
their frictional and electromechanical characteristics 
require further development. 


e We have noted still another way to improve electrical 
contact operational effectiveness — realization in the 
contacts of the boundary friction conditions with 
the presence of special lubricants. The promise of 
this approach is confirmed by several practical 
examples of lubricant use; however, the theoretical 
bases of lubricant development have not been 
completely worked out. 


The above discussion confirms the need for: further 
conduct of integrated theoretical and experimental 
studies of the mechanism of metal boundary friction 
in application to electrical contact conditions; the 
development of practical recommendations relating 
to improving contact wear resistance and operation 
effectiveness; the development of specific lubricants, 
contact designs, and materials; and the development 
of means and methods for testing them. 
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